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Abstract
Within the framework of perturbative QCD approach based on kT factorization, we studied 40
Bc → DS decay modes in the leading order and leading power, where “S” stands for the light scalar
meson. Under two different scenarios (S1 and S2) for the description of scalar mesons, we explored
the branching fractions and related CP asymmetries. As a heavy meson consisting of two heavy
quarks with different flavor, the light-cone distribution amplitude of Bc meson has not been well
defined, so the δ-function is adopted. The contributions of emission diagrams are suppressed by the
vector decay constants and CKM elements, the contributions of annihilation are dominant. After
the calculation, we found some branching fractions are in the range of [10−5, 10−4], which could be
measured in the current LHCb experiment, and other decays with smaller branching fractions will
be tested at the high-energy colliders in future. Furthermore, some decay modes have large CP
asymmetries, but they are unmeasurable currently due to the small branching fractions.
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1 Introduction
The studies of weak decays of Bc meson are of interest, since it is the only heavy meson consisting
of two heavy quarks with different flavor. The Collider Detector at Fermilab (CDF) Collaboration
reported the discovery of the Bc ground state in pp¯ collisions [1], which was further confirmed by
the CDF and D0 Collaborations [2] with more precise measurements. Currently, with high collision
energy and high luminosity, Large Hadron Collider could collect about 109 events of Bc meson each
year [3]. Based on such large samples, many weak decay modes of Bc meson have been measured by
LHCb collaboration [4].
In the quark model, the B+c meson is the lowest-lying bound state of a bottom antiquark and a
charm quark with JP = 0−. Since it carries flavor explicitly and can not annihilate into gluons, it
is stable against the strong and electromagnetic annihilation processes and can only decay weakly,
which provides a new window for studying the weak decay mechanism of heavy flavors. The another
characteristic feature of the Bc meson is that both quarks forming it are heavy and thus their weak
decays give comparable contributions to the total decay rate. Therefore, the weak decay of Bc meson
can be categorized into into three classes: (i) the b quark decays (b → c, u) with the c quark as
a spectator, which can be used to precisely determinate the Cabibbo-Kobayashi-Maskawa (CKM)
matrix elements |Vcb| and |Vub|, (ii) the c quark decays (c → s, d) with the b quark as a spectator,
which are suppressed by the phase space, but enhanced by the large CKM matrix element |Vcs| or
|Vcd|, and (iii) b quark and c quark co-annihilate, which are enhanced by |Vcb/Vub|2 ∼ 102, in contrast
to Bu annihilation decays. The estimations of the Bc decay rates indicate that the c quark decays give
the dominant contribution (∼ 70%) while the b quark decays and weak annihilation contribute about
∼ 20% and ∼ 10%, respectively. All in all, the Bc meson provides very rich weak decay channels to
study the perturbative and nonperturbative QCD dynamics, annihilation mechanism in B meson, to
test the standard model, as well as to search for the signal of new physics [5]. In recent years, stimulated
by both theoretical and experimental developments, many theoretical studies on the production and
the semileptonic and nonleptonic decays of the Bc meson have been explored by many groups based on
Isgur-Scora-Grinstein-Wise (ISGW) quark model [6], the relativistic independent quark model [7], the
QCD factorization [8, 9], the light-front quark model [9], the SU(3) flavor symmetry [10], the lattice
gauge simulations [11], the sum rules [12], the nonrelativistic QCD methods [13], and the perturbative
QCD (PQCD) approach [14–16].
Specially, in refs. [14–16], the authors, including one of us (Zou), had investiaged the Bc →
D(⋆)P (V ) (P and V denoting the light pseudoscalar and vector meson) decays systematically within
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the PQCD approach [17] that is based on the kT factorization. As known to all, the Bc meson is
a nonrelativistic heavy quarkonium system, then the two quarks in the Bc meson are both at rest
and nonrelativistic. Since the charm quark in the final-state D meson is almost at collinear state, a
hard gluon is required to transfer large momentum to the spectator charm quark. So, the expansion
based on αs is reliable here. Moreover, we postulated a hierarchy mBc ≫ mD(∗) ≫ ΛQCD, the relation
mBc ≫ mD(∗) justifies the perturbative analysis of the Bc → D(∗) form factors at large recoil and
the definition of light-cone D(∗) meson wave functions. The relation mD(∗) ≫ ΛQCD justifies the
power expansion in the parameter ΛQCD/mD(∗) . The small ratio ΛQCD/mB is viewed as being of
higher power. So, the factorization theorem is applicable to the Bc system similar to the situation of
the B meson with a light quark. Utilizing the kT factorization instead of collinear factorization, this
approach is free of endpoint singularity, so the diagrams including factorizable, nonfactorizable, as well
as annihilation type diagrams are all calculable. In refs. [14–16], it showed us that some branching
fractions are at the order of O(10−5), which is measurable in the running LHCb experiment. For
completeness, in this work, we will extend previous studies to Bc → D(⋆)S decays where S denotes a
light scalar meson.
The light scalar mesons considered in this paper include the isosinglet f0(600)(σ), f0(980), f0(1370),
f0(1500)/f0(1710), the isodoublet K
∗
0 (800)(κ) and K
∗
0 (1430), and the isovector a0(980) and a0(1450)
[18]. In the literatures, the scalar mesons have been identified as ordinary q¯q states, four-quark states
or meson-meson bound states or even those supplemented with a scalar glueball, however, a definite
conclusion has not been obtained yet till now. In light of the mass spectrum of scalar mesons and
the strong as well as electromagnetic decays, most of us accept that the scalar mesons with the mass
below 1 GeV constitute one nonet, while those near 1.5 GeV form another one [19]. Moreover, the
scalar meson states above 1 GeV can be identified as a conventional qq¯ nonet with some possible
glue content. However, the quark structure of the light scalar mesons below or near 1 GeV has been
quite controversial, though they are widely perceived as primarily the four-quark bound states. In the
literatures [20, 21], according to the category that the light mesons belong to, two typical scenarios
for describing the scalar mesons were propounded. The scenario-1 (S1) is the naive two-quark model:
the nonet mesons below 1 GeV, such as κ, a0(980), f0(980), and σ, are treated as the lowest lying
states, and accordingly these near 1.5 GeV, such as a0(1450), K0(1430), f0(1370/1500), are the first
orbitally excited states. In scenario-2 (S2), the nonet mesons near 1.5 GeV are viewed as the lowest
lying states, while the mesons below 1 GeV may be the exotic states beyond the quark model such
as four-quark bound states. We have to stress that although many experimental data indicates that
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the light scalar mesons, such as f0(980) and a0(980), are predominately four-quark states, however
in practice it is very hard for us to make quantitative predictions based on the four-quark picture,
because both the decay constants and the distribution amplitudes of S are beyond the conventional
quark model. Hence, we shall discuss only the two-quark scenario for light scalar mesons in the current
work.
For these considered Bc → D(∗)S with a emitted scalar meson, the factorizable emission amplitudes
that are proportional to the matrix element 〈S|(V ±A)|0〉 will vanish or be tiny, because the neutral
scalar mesons cannot be produced through the (V ±A) current and the decay constants of the charged
scalar mesons are suppressed by the fairly small difference between the two running current quark
masses of the scalar meson. In order to obtain the precise and reliable predictions, it is necessary
for us to go beyond the naive factorization and calculate the contributions from the nonfactorizable
diagrams, as well as the annihilation diagrams. We also note that for the considered Bc → D(∗)S
decays, the annihilation type diagrams will provide sizable contributions to the amplitudes and even
dominate the amplitudes due to the enhancement from the large CKM matrix elements Vcb and
Vcs(d). It is worth mentioning that, the PQCD approach is an effective approach for calculating the
nonfactorizable and annihilation diagrams, which can be confirmed by the precise predictions for the
B → J/ψD [22] and B0 → D−s K+ decays [23]. So, for these considered decay channels, the predictions
in PQCD approach are reliable.
The remainder of the paper is organized as follows. The framework of PQCD, as well as the
distribution amplitudes and decay constants of the mesons, are given in Section.2. In Section.3, we
shall present the formulae of each amplitudes for each diagram. The numerical results and discussions
will be given in Section 4. We will summarize this work in the last section.
2 Framework
In this work, we describe the meson’s momentum by using the light-cone coordinate. In the rest frame
of the Bc meson, the momentum of Bc, scalar meson and D meson, up to the order of r
2
D, as given by
PBc =
MBc√
2
(1, 1,0T), P2 =
MBc√
2
(1− r2D, 0,0T), P3 =
MBc√
2
(r2D, 1,0T), (1)
where rD = mD/mBc . Note that the terms involving r
2
S(rS = mS/mBc) are neglected in this work.
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2.1 PQCD Approach
It is known to us that in studying exclusive hadron decays the main theoretical uncertainties are from
the calculations of matrix elements. The key point of the PQCD approach is keeping the intrinsic
transverse momenta of the inner quarks, which is the so-called kT factorization [17]. The additional
energy scale induced by the transverse momenta will lead to the double logarithms in the QCD
radiative corrections. Using the resummation technique, the double logarithms can be absorbed in
the sudakov form factor, which can suppress the long-distance contribution [24]. This sudakov factor
practically makes PQCD approach applicable. Moreover, due to the radiative corrections of the weak
vertex, another type of double logarithms αs ln
2 x, x being the momentum fraction of the inner quark,
actually exists while x → 0; and therefore, these large corrections should be also resumed, called
threshold resummation [25]. As a result, the endpoint singularity in traditional collinear factorization
can be smeared by this threshold factor.
There are several typical scales in the Bc decays. In general, the factorization hypothesis is
adopted to deal with processes with multi scales. As we already know, the physics higher than the
scale of the W boson mass (mW ) can be calculated perturbatively, and the Wilson coefficients at
mW scale can be obtained. With the help of the renormalization group techniques, we can get the
Wilson coefficients from the mW scale to the b quark mass (mb) scale. The hard part between mb
scale and the factorization scale (t) can be calculated perturbatively in the PQCD approach. The
physics lower than the t scale belong to the soft dynamics, which is nonperturbative but universal,
which can be parameterized into meson wave functions. The wave functions could be determined from
experiments, or studied by the nonperturbative QCD approaches, such as QCD sum rules and lattice
QCD. Therefore, in PQCD approach, the decay amplitude can be written as the convolution of the
Wilson coefficients C(t), the hard kernel H(xi, bi, t), and the hadronic wave functions ΦB,D,S(xi, bi)
[26],
A ∼
∫
dx1dx2dx3b1db1b2db2b3db3 × Tr[C(t)ΦB(x1, b1)
×ΦS(x2, b2)ΦD(x3, b3)H(xi, , bi, t)St(xi)e−S(t). (2)
In above, Tr denotes the trace over Dirac and color indices, the xi(i = 1, 2, 3) are the momentum
fractions of the “light” quark in each meson, and the bi are the conjugate variables of kT i of the
valence quarks. The St(xi) and e
−S(t) are the threshole resummation and the Sudakov form factor,
respectively.
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2.2 Wave Functions of Bc and D Meson
In PQCD approach, the universal nonperturbative wave functions are the most important inputs.
Unlike Bu,d,s mesons, our knowledge of the LCDAs for Bc meson is quite poor till now (for a recent
view, see [27]). Although it has often been viewed as heavy quarkonium, we adopt the same form as
the B meson [15,16],
ΦBc(x, b) =
i√
6
[(/P +mBc)γ5φBc(x, b)]. (3)
Given mBc ≈ mb +mc, the light-cone distribution amplitude φBc(x, b) can be written as [27]
φBc(x, b) =
fBc
2
√
6
δ(x −mc/mBc) exp
[
−1
2
ω2b2
]
, (4)
where the mc and mb are the mass of the charm quark and the beauty quark, respectively. fBc is the
decay constant of the Bc meson. The introduced fator exp
[−12ω2b2] represents the kT dependence in
the PQCD approach. It should be emphasized that this simple form is the two-particle nonrelativistic
LCDAs at the leading order where both heavy valence quarks just share the total momentum of the Bc
mesons according to their masses. Since there are no enough experiment measurements to constrain
the wave function and the distribution amplitude of the Bc meson, the relativistic corrections and
contributions from higher Fock states are not included in this work.
For the charmed D(∗) mesons, following ref. [28], we define the light cone distribution amplitudes
as
〈D(p)|qα(z)cβ(0)|0〉 = i
2
√
6
∫ 1
0
dxeixp·z[γ5(/p+mD)φD(x, b)]α,β , (5)
〈D∗(p)|qα(z)cβ(0)|0〉 = −1
2
√
6
∫ 1
0
dxeixp·z[/ǫL(/p+mD∗)φLD∗(x, b)]α,β , (6)
where the distribution amplitudes are
φD(x, b) = φ
L
D∗(x, b) =
1
2
√
6
fD(∗)6x(1− x)[1 + CD(1− 2x)] exp[−
1
2
ω2Db
2], (7)
with ωD = 0.15 ± 0.5 GeV. In this work, the high-twist distribution amplitudes are not included
either, because they are suppressed by ΛQCD/mD(∗) . As for the parameters CD, are fitted from the
B → DP (V ) and Bs → DsP (V ) decays [28, 29], are set to be CD = 0.5 ± 0.1 and CDs = 0.4 ± 0.1,
respectively.
2.3 Physics of Light Scalar Mesons
With the developments of experimental side, many scalar states have been discovered. Theoretically,
as aforementioned, there are two different scenarios for describe the scalar mesons in the quark model.
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The scenario-1(S1) is the typical 2-quark model: the nonet mesons below 1 GeV, including f0(600)(σ),
f0(980), K
∗
0 (800)(κ) and a0(980), belong to the lowest lying states, and the ones near 1.5 GeV,
including f0(1370), f0(1500)/f0(1700), K
∗
0 (1430) and a0(1450) are viewed as the first excited states.
In this scenario, the quark components of the light scalar mesons are given as
σ =
1√
2
(uu¯+ dd¯), f0 = ss¯,
a+0 = ud¯, a
0
0 =
1√
2
(uu¯+ dd¯) , a−0 = du¯,
κ+ = us¯, κ0 = ds¯, κ¯0 = sd¯, κ− = su¯. (8)
Here the σ and f0(980) has the ideal mixing. In fact, the observed Ds → f0(980)π+ decay shows the
probability of the ss component of f0(980), while Γ(J/ψ → f0(980)ω) ∼ Γ(J/ψ → f0(980)φ) indicated
the existence of the non-strange components [30,31]. Based on the data, in the 2-quark model, the σ
and f0(980) might be the mixing states as
|f0(980)〉 = |ss¯〉 cos θ + |nn¯〉 sin θ,
|σ〉 = −|ss¯〉 sin θ + |nn¯〉 cos θ, (9)
with |nn¯〉 = 1√
2
(uu¯+ dd¯) and θ is the mixing angle. As for the mixing angle θ, we can determine it by
various experimental measurements [32, 33]. Currently, by analyzing the present experimental data,
two possible ranges of 25◦ < θ < 40◦ and 140◦ < θ < 165◦ [34] are preferred. Similarly, the f0(1370)
and f0(1500) are the mixing states of nn¯, ss¯ and glueball. In this paper, according to refs [35], we
neglect the tiny contribution from scalar glueball [36] and simplify the mixing form as
f0(1370) = 0.78|nn¯〉+ 0.51|ss¯〉,
f0(1500) = −0.54|nn¯〉+ 0.84|ss¯〉. (10)
In the scenario-2 (S2), the nonet mesons near 1.5GeV are viewed as the lowest lying states, while
the mesons below 1 GeV may be viewed as four-quark bound states. Because of the difficulty when
dealing with four-quark states, we only do the calculation about the heavier nonet in S2.
Now, we shall discuss the decay constants and the distribution amplitudes of the scalar mesons.
The two decay constants of scalar mesons are defined
〈S(p)|q¯2γµq1|0〉 = fSpµ , 〈S|q¯2q1|0〉 = mS f¯S. (11)
In term of the charge conjugate invariance, neutral scalar mesons cannot be produced by the vector
current, so we obtain
fσ = ff0 = fa00 = 0. (12)
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For other scalar mesons, the vector decay constant fS and scalar one fS are related by the equation
of motion
fS = µfS, µ =
mS
m2(µ)−m1(µ) , (13)
where mS is the mass of the scalar meson, and m1, m2 are the running current quark masses. Inputs
of the scalar mesons in our calculation, include the decay constants, running quark masses in this
paragraph and the Gegenbauer moments in the following, quote from [21].
In the 2-quark model, the wave function of the scalar meson is given by
〈S(PS)|q(0)j q¯(z)l|0〉 = −1√
2Nc
∫ 1
0
dxeixp·z{6 PSφS(x) +mSφsS(x) +mS(6 n 6 v − 1)φTS (x)}jl, (14)
with the lightlike vectors n = (1, 0,0T ) and v = (0, 1,0T ). The twist-2 light-cone distribution ampli-
tude (LCDA) ΦS(x) and twist-3 LCDAs φ
s
S(x) and φ
σ
S satisfy the normalization conditions∫ 1
0
dxφS(x) =
fS
2
√
2Nc
,∫ 1
0
dxφsS(x) =
∫ 1
0
dxφσS(x) =
f¯S
2
√
2Nc
. (15)
The LCDAs can be expanded in Gegenbauer polynomials as the following form:
φS(x) =
fS
2
√
2Nc
6x(1 − x)
[
1 + µs
∞∑
m=1
Bm(µ)C
3/2
m (2x− 1)
]
, (16)
φsS(x) =
f¯S
2
√
2Nc
[1 +
∞∑
m=1
am(µ)C
1/2
m (2x− 1)], (17)
φTS (x) =
d
dx
φσS(x)
6
=
f¯S
2
√
2Nc
d
dx
{
x(1− x)[1 +
∞∑
m=1
bm(µ)C
3/2
m (2x− 1)]
}
, (18)
where Bm(µ), am(µ) and bm(µ) are the Gegenbauer moments, and C
(3/2)
m and C
1/2
m are the Gegenbauer
polynomials. The explicit values of Bm(µ) can be found in [21]. For the twist-3 LCDAs, we adopt the
asymptotic form for simplicity, though the values of bm(µ) and am(µ) have been explored [37].
3 Analytic Formulae
For the considered decays, the weak effective Hamiltonian Heff in the transition matrix elements can
be written as [38]
Heff = GF√
2
[∑
q=u,c
V ∗qbVqX [C1(µ)O
q
1(µ) + C2(µ)O
q
2(µ)]− V ∗tbVtX
10∑
i=3
Ci(µ)Oi(µ)
]
, (19)
where the Vqb(X) and Vtb(X) (X = d, s) are the CKM matrix elements, and Ci(i = 1 ∼ 10) are the
Wilson coefficients at the scale µ. The Oi (i = 1, ..., 10) are the so-called local four-quark operators:
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Sb¯
c
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Figure 1: Leading order Feynman diagrams contributing to the Bc → D(∗)S decays in PQCD ap-
praoch
• current-current (tree) operators
Oq1 = (b¯αqβ)V−A(q¯βXα)V−A, O
q
2 = (b¯αqα)V−A(q¯βXβ)V−A, (20)
• QCD penguin operators
O3 = (b¯αXα)V−A
∑
q′
(q¯′βq
′
β)V−A, O4 = (b¯αXβ)V−A
∑
q′
(q¯′βq
′
α)V −A, (21)
O5 = (b¯αXα)V−A
∑
q′
(q¯′βq
′
β)V+A, O6 = (b¯αXβ)V−A
∑
q′
(q¯′βq
′
α)V +A, (22)
• electro-weak penguin operators
O7 =
3
2
(b¯αXα)V−A
∑
q′
eq′(q¯
′
βq
′
β)V+A, O8 =
3
2
(b¯αXβ)V −A
∑
q′
eq′(q¯
′
βq
′
α)V+A, (23)
O9 =
3
2
(b¯αXα)V−A
∑
q′
eq′(q¯
′
βq
′
β)V−A, O10 =
3
2
(b¯αXβ)V−A
∑
q′
eq′(q¯
′
βq
′
α)V−A, (24)
where α and β are the color indices, and q′ = (u, d, s, c, b) are the active quarks at the scale mb.
The (V −A) and (V +A) are the left-handed and right-handed currents and defined as (b¯αqβ)V−A =
b¯αγµ(1 − γ5)qβ and (q¯′βq′α)V+A = q¯′βγµ(1 + γ5)q′α, respectively. The combined Wilson coefficients ai
used can be defined as [39]:
a1 = C2 +C1/3, a2 = C1 + C2/3,
ai = Ci + Ci+1/3, i = 3, 5, 7, 9,
aj = Cj + Cj−1/3, j = 4, 6, 8, 10. (25)
According to the effective Hamiltonian, we can draw the possible lowest order diagrams, as shown
in Fig.1, where the four diagrams in first line are the emission diagrams and four annihilation ones
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in second line. Now, we present the expressions of the hard kernels for all diagrams. After the per-
turbative calculation, when inserting different operators, the amplitudes for the factorizable emission
diagrams in Figs.1a and 1b are given by
• (V −A)(V −A)
ALLef = 8πCffSm4Bc
∫ 1
0
dx1dx3
∫ 1/Λ
0
b1db1b3db3φBc(x1, b1)φD(x3, b3)
×
{[
x3(1− r2D) + rb(rD − 2)− 2rDx3
]
Eef (ta)ha +
[
(rD − 2)rD
]
Eef (tb)hb
}
, (26)
• (V −A)(V −A)
ALRef = ALLef (27)
• (S − P )(S + P )
ASPef = 16πCf f¯SrSm4Bc
∫ 1
0
dx1dx3
∫ 1/Λ
0
b1db1b3db3φBc(x1, b1)φD(x3, b3)
×
{[
rb + rD(1 + x3)− 2
]
Eef (ta)ha +
[
2rD(x1 − 1)− x1
]
Eef (tb)hb
}
, (28)
In above formulas, rb = mb/mBc and Cf = 4/3 is the group factor of SU(3)c for Bc decays. The
expressions of the scale t, Sudakov form factor E, and the hard functions h can be found in the
Appendix. The two diagrams (c) and (d) in Fig.1 are the nonfactorizable emission diagrams, whose
contributions are as follows
• (V −A)(V −A)
MLLenf = −16
√
2
3
πCfm
4
Bc
∫ 1
0
dx1dx2dx3
∫ 1/Λ
0
b1db1b2db2φBc(x1, b1)φS(x2)φD(x3, b1)
×
{[
1− x1 − x2 + rD(x3 − 1) + r2D(x1 + 2x2 − x3)
]
Eenf (tc)hc
−
[
1− x1 + x2 − x3 + rD(x3 − 1) + r2D(x1 − 2x2 + x3)
]
Eenf (td)hd
}
, (29)
• (V −A)(V +A)
MLRenf = 16
√
2
3
πCfm
4
Bc
∫ 1
0
dx1dx2dx3
∫ 1/Λ
0
b1db1b2db2φBc(x1, b1)φD(x3, b1)
×
{[
φSS(x2)(x1 + x2 − 1 + rD(x1 + x2 + x3 − 2))
+ φTS (x2)(x1 + x2 − 1 + rD(x1 + x2 − x3))
]
· Eenf (tc)hc
−
[
φSS(x2)(x1 − x2 + rD(x1 − x2 + x3 − 1))
− φTS (x2)(x1 − x2 + rD(x1 − x2 − x3 + 1))
]
·Eenf (td)hd
}
, (30)
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• (S − P )(S + P )
MSPenf = −16
√
2
3
πCfm
4
Bc
∫ 1
0
dx1dx2dx3
∫ 1/Λ
0
b1db1b2db2φBc(x1, b1)φS(x2)φD(x3, b1)
×
{[
2− x1 − x2 − x3 + rD(x3 − 1) + r2D(x1 + 2x2 + x3 − 2)
]
· Eenf (tc)hc
−
[
− x1 + x2 + rD(x3 − 1) + r2D(x1 − 2x2 − x3 + 2)
]
·Eenf (td)hd
}
. (31)
As mentioned before, the annihilation type diagrams can be calculated reliably in PQCD approach.
For the factorizable annihilation diagrams (e) and (f), the expressions of hard kernels can be written
as
• (V −A)(V −A)
ALLaf = 8πCffBcm4Bc
∫ 1
0
dx2dx3
∫ 1/Λ
0
b2db2b3db3φD(x3, b3)
×
{[
φS(x2)(x3 − x3r2D) + 2φSS(x2)rS(x3 + 1)rD
]
Eaf (te)he
−
[
φS(x2)(x2 − (1 + 2x2)r2D) + rS(φSS(x2)rD(1 + 2x2)
− φTS (x2)rD(1− 2rDx2))
]
Eaf (tf )hf
}
, (32)
• (V −A)(V +A)
ALRaf = ALLaf (33)
• (S − P )(S + P )
ASPaf = −16πCffBcm4Bc
∫ 1
0
dx2dx3
∫ 1/Λ
0
b2db2b3db3φD(x3, b3)
×
{[
φS(x2)rDx3 + 2φ
S
S(x2)rS
]
Eaf (te)he +
[
φS(x2)rD + rSx2(φ
S
S(x2)− φTS (x2))
]
Eaf (tf )hf
}
.
(34)
As for nonfactorizable annihilation diagrams (g) and (h), the amplitudes are as follows.
• (V −A)(V −A)
MLLanf = −16
√
2
3
πCfm
4
Bc
∫ 1
0
dx1dx2dx3
∫ 1/Λ
0
b1db1b2db2φB(x1, b1)φD(x3, b2)
×
{[
φS(x2)(1− x1 − x2 − rb + r2D(x1 + 2x2 − x3))− rDrS(φSS(x2)(x1 + x2 + x3 − 2)
+ φTS (x2)(x1 + x2 − x3))
]
Eanf (tg)hg
+
[
φS(x2)(rD + x3) + rDrS(φ
S
S(x2)(x2 + x3 − x1)
+ φTS (x2)(x1 − x2 + x3))
]
Eanf (th)hh
}
, (35)
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• (V −A)(V +A)
MLRanf = −16
√
2
3
πCfm
4
Bc
∫ 1
0
dx1dx2dx3
∫ 1/Λ
0
b1db1b2db2φB(x1, b1)φD(x3, b2)
×
{[
φS(x2)rD(x3 − 2)− rS(φSS(x2) + φTS (x2))(x1 + x2 − 2)
]
Eanf (tg)hg
+
[
φS(x2)rD(rD − x3)− rS(φSS(x2) + φTS (x2))(rD + x1 − x2)
]
Eanf (th)hh
}
, (36)
• (S − P )(S + P )
MSPanf = 16
√
2
3
πCfm
4
Bc
∫ 1
0
dx1dx2dx3
∫ 1/Λ
0
b1db1b2db2φB(x1, b1)φD(x3, b2)
×
{[
φS(x2)(1 − rb − x3)− rDrS(φSS(x2)(x1 + x2 + x3 − 2)
− φTS (x2)(x1 + x2 − x3))
]
Eanf (tg)hg
−
[
φS(x2)(x1 − x2 − rD − r2D(x1 − 2x2 + x3)) + rDrS(φSS(x2)(x1 − x2 + x3)
− φTS (x2)(x2 + x3 − x1))
]
Eanf (th)hh
}
. (37)
Similarly, the formulas for the Bc → D∗S decays are as follows:
A∗LLef = −8πCffSm4Bc
∫ 1
0
dx1dx3
∫ 1/Λ
0
b1db1b3db3φBc(x1, b1)φ
L
D∗(x3, b3)
×
{[
rb(rD − 2)− 2rDx3 + x3(1− r2D)
]
Eef (ta)ha − r2DEef (tb)hb
}
, (38)
A∗LRef = A∗LLef , (39)
A∗SPef = −16πCf f¯SrSm4Bc
∫ 1
0
dx1dx3
∫ 1/Λ
0
b1db1b3db3φBc(x1, b1)φ
L
D∗(x3, b3)
×
{[
2− rb + rD(1− x3)
]
Eef (ta)ha + x1Eef (tb)hb
}
, (40)
M∗LLenf = 16
√
2
3
πCfm
4
Bc
∫ 1
0
dx1dx2dx3
∫ 1/Λ
0
b1db1b2db2φBc(x1, b1)φS(x2)φ
L
D∗(x3, b1)
×
{[
1− x1 − x2 + rD(1− x3) + r2D(x1 + 2x2 + x3 − 2)
]
·Eenf (tc)hc
−
[
1− x1 + x2 − x3 + rD(x3 − 1) + r2D(x1 − 2x2 + x3)
]
·Eenf (td)hd
}
, (41)
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M∗LRenf = −16
√
2
3
πCfm
4
Bc
∫ 1
0
dx1dx2dx3
∫ 1/Λ
0
b1db1b2db2φBc(x1, b1)φ
L
D∗(x3, b1)
×
{[
φSS(x2)((rD − 1)(x1 + x2) + rDx3 + 1)
+ φTS (x2)(1 − x1 − x2 + rD(x1 + x2 + x3 − 2))
]
·Eenf (tc)hc
−
[
φSS(x2)(x2 − x1 + rD(x1 − x2 − x3 + 1))
− φTS (x2)(x2 − x1 + rD(x1 − x2 + x3 − 1))
]
·Eenf (td)hd
}
, (42)
M∗SPenf = 16
√
2
3
πCfm
4
Bc
∫ 1
0
dx1dx2dx3
∫ 1/Λ
0
b1db1b2db2φBc(x1, b1)φS(x2)φ
L
D∗(x3, b1)
×
{[
r2D(x1 + 2x2 + x3 − 2) + rD(x3 − 1) + 2− x1 − x2 − x3
]
Eenf (tc)hc
−
[
r2D(x1 − 2x2 + x3) + rD(1− x3)− x1 + x2
]
Eenf (td)hd
}
, (43)
A∗LLaf = −8πCffBcm4Bc
∫ 1
0
dx2dx3
∫ 1/Λ
0
b2db2b3db3φ
L
D∗(x3, b3)
×
{[
φS(x2)(1− r2D)x3 + 2φSS(x2)rSrD(x3 − 1)
]
Eaf (te)he
−
[
φS(x2)(r
2
D(1− 2x2) + x2) + rDrs(φSS(x2)− φTS (x2))
]
Eaf (tf )hf
}
, (44)
A∗LRaf = A∗LLaf , (45)
A∗SPaf = 16πCffBcm4Bc
∫ 1
0
dx2dx3
∫ 1/Λ
0
b2db2b3db3φ
L
D∗(x3, b3)
×
{[
φS(x2)rDx3 − 2φSS(x2)rS
]
Eaf (te)he
−
[
φS(x2)rD − rSx2(φTS (x2)− φSS(x2))
]
Eaf (tf )hf
}
, (46)
M∗LLanf = 16
√
2
3
πCfm
4
Bc
∫ 1
0
dx1dx2dx3
∫ 1/Λ
0
b1db1b2db2φB(x1, b1)φ
L
D∗(x3, b2)
×
{[
φS(x2)(1 − rb − x1 − x2 + r2D(x1 + 2x2 + x3 − 2)) − rDrS(φSS(x2)(x1 + x2 − x3)
+ φTS (x2)(x1 + x2 + x3 − 2))
]
·Eanf (tg)hg
+
[
φS(x2)(rD + (1− 2r2D)x3) + rDrS(φSS(x2)(x1 − x2 + x3)
+ φTS (x2)(x2 + x3 − x1))
]
· Eanf (th)hh
}
, (47)
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M∗LRanf = −16
√
2
3
πCfm
4
Bc
∫ 1
0
dx1dx2dx3
∫ 1/Λ
0
b1db1b2db2φB(x1, b1)φ
L
D∗(x3, b2)
×
{[
φS(x2)rD(x3 − 2)− rS(φSS(x2) + φTS (x2))(x1 + x2 − 2)
]
Eanf (tg)hg
+
[
φS(x2)rD(rD − x3)− rS(φSS(x2) + φTS (x2))(rD + x1 − x2)
]
Eanf (th)hh
}
, (48)
MSP∗anf = −16
√
2
3
πCfm
4
Bc
∫ 1
0
dx1dx2dx3
∫ 1/Λ
0
b1db1b2db2φB(x1, b1)φ
L
D∗(x3, b2)
×
{[
φS(x2)(rb + (1− 2r2D)(x3 − 1))
+ rDrS(φ
T
S (x2)(x1 + x2 + x3 − 2)− φSS(x2)(x1 + x2 − x3))
]
Eanf (tg)hg
+
[
φS(x2)(x1 − x2 − rD − r2D(x1 − 2x2 − x3))
+ rDrS(φ
S
S(x2)(x1 − x2 + x3)− φTS (x2)(x1 − x2 − x3))
]
Eanf (th)hh
}
. (49)
Note that the total decay amplitudes containing the Wilson coefficients and the CKM elements
are the same as the Bc → D(∗)P decays with P denoting a pseudoscalar meson, which can be found
in the ref. [15], because the topologies of these two type decays are identical. As an example, we show
the total decay amplitude of Bc → D+K∗00 as
A(Bc → D+K∗00 ) =
GF√
2
{
V ∗cbVcs(MLLaf a1 +MLLanfC1)
−V ∗tbVts[MLLenf (C3 − C9/2) +MLRenf (C5 −C7/2) +MLLaf (a4 + a10)
+MSPaf (a6 + a8) +MLLanf (C3 + C9) +MLRanf (C5 + C7)]
}
. (50)
The decay width of Bc → D(∗)S is given by
Γ(Bc → D(∗)S) = p
8πm2Bc
|A(Bc → D(∗)S)|2, (51)
where the momentum of the final state particle is
p =
1
2mBc
√[
m2Bc − (mD +mS)2
] [
m2Bc − (mD −mS)2
]
. (52)
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4 Numerical Results and Discussions
In this section, we shall firstly list the other input parameters we used in the numerical calculations,
such as the masses and life times of mesons, the CKM matrix elements, as following [18]
Λf=4
MS
= 0.25 ± 0.05GeV, mBc = 6.28GeV, mb = 4.8GeV,
mD(s) = 1.87/1.97GeV, mD∗(s) = 2.01/2.11GeV,
τBc = 0.46ps, γ = (69
+10
−11)
◦, λ = 0.225 ± 0.001,
Vcb = 0.041
+0.001
−0.001, Vus = 0.225 ± 0.001,
Vtd = 0.009
+0.001
−0.001, Vts = −0.040+0.001−0.001 . (53)
Within the above parameters, we calculated the CP-averaged branching fractions and the direct
CP asymmetries of all 40 Bc → D(∗)S decays and summarized the results in the Tables. 1-4. We
acknowledged that there are many uncertainties in our work. In tables, we mainly estimated three
kinds of errors caused by the corresponding parameters. The first uncertainties come from the non-
perturbative parameters, such as the decay constants and the distribution amplitudes. The second
errors are from the high order corrections. Since the next-leading order correction have not yet been
finished, we shall vary the range (0.75t→ 1.25t) of the hard scale t to estimate this kind uncertainty.
This strategy has been widely used in the studies of B meson decays. The last errors arise from the
uncertainties of the CKM matrix elements. Unlike the Bq mesons, Bc decays are dominated by the
factorizable annihilations, the amplitudes of which are in proportional to the decay constant of Bc,
so the branching fractions are not sensitive to the the distribution amplitude of Bc meson (less than
10%) [16]. Therefore, we have not included the uncertainties taken by the Bc wave function. We
also emphasized that the next-leading power corrections will take large uncertainties, however this
kind of study is beyond the scope of the current work, and we left them as our future work. For
convenience, in above tables, we mark the dominant contributions of each decay mode by the symbols
“C”(color-suppressed tree contributions), “A”(W annihilation type contributions), and “P” (penguin
contributions).
As we know, the quark components and physical properties of the f0(980) and σ are long-standing
puzzles in particle physics. Although they are favored to be four-quark states, we here only assume
the f0(980) and σ to be nn¯ and ss¯ bound states with a mixing, because in four-quark scenario their
wave functions and decay constants are still absent till now. Besides many measurements about the
charmless B decays involving a scalar meson, the LHCb collaboration has also reported their first
measurements of the charmed B decays with a scalar B(Bs) → Dσ and Df0(980) decays [40] in the
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Table 1: The CP-averaged branching fractions and CP asymmetries of Bc → DS(a0(980), κ, σ, f0(980))
decays calculated in the PQCD approach in S1.
Decay Modes Class BFs(10−6) ACP (%)
Bc → D+a00(980) A 3.44+0.83+1.73+0.34−0.75−1.69−0.32 36.0+5.0+7.0+0.5−4.5−8.2−1.4
Bc → D0a+0 (980) A 6.78+1.71+3.33+0.52−1.53−3.44−0.49 1.88+1.78+0.90+0.47−2.09−3.93−0.79
Bc → D+κ00(800) A 107+32+65+3−28−55−4 0.0
Bc → D0κ+(800) A 93.6+26.7+56.5+3.0−24.7−50.7−3.0 0.91+0.23+0.30+0.06−0.21−0.25−0.09
Bc → D+σ(fn) A 3.39+0.77+2.21+0.09−0.71−1.30−0.10 −36.4+3.4+6.4+3.0−3.8−5.3−2.6
Bc → D+σ(fs) P 0.02+0.01+0.01+0.00−0.01−0.01−0.00 0.0
Bc → D+f0(980)(fn) A 4.60+1.04+2.19+0.16−0.93−1.70−0.17 −35.3+3.3+6.4+2.6−3.7−4.1−2.2
Bc → D+f0(980)(fs) P 0.02+0.01+0.01+0.00−0.01−0.01−0.00 0.0
Bc → Dsa00(980) C 0.03+0.01+0.01+0.00−0.01−0.01−0.00 −2.28+0.26+0.64+0.16−0.26−1.15−0.12
Bc → Dsσ(fn) P 0.92+0.27+0.46+0.03−0.24−0.30−0.02 1.12+0.32+0.34+0.10−0.26−0.26−0.12
Bc → Dsσ(fs) A 136+32+94+4−32−55−5 0.0
Bc → Dsf0(980)(fn) P 0.92+0.27+0.49+0.03−0.24−0.26−0.02 1.12+0.32+0.34+0.10−0.26−0.26−0.12
Bc → Dsf0(980)(fs) A 188+42+69+6−39−61−6 0.0
Bc → Dsκ¯00(800) A 6.80+1.70+4.45+0.40−1.74−3.78−0.39 −9.26+1.65+2.10+0.06−1.74−3.09−0.06
end of 2015. Although we have large amounts of data, the mixing angle θ cannot be constrained
stringently due to the large uncertainties [34]. In this work, under 2-quark model, for the sake of
convenience, we presented individually the branching fractions of the Bc → D(∗)σ/f0(980) decays
under the pure nn¯ and ss¯ components. Once the 2-quark model were confirmed and the mixing angle
were fixed by other experiments, the branching fractions can be directly obtained from our predictions.
As aforementioned in Sec.II, we also presented in Table.5 the branching fractions with mixing patterns
by adopting two typical ranges, [25◦, 40◦] and [140◦, 165◦], where only the central values are quoted.
As for f0(1370) and f0(1500), after neglecting the negligible glueball contents, the mixing form can be
simplified as eq. (10). It is noted that in Tables 2 and 4, the presented branching fractions are results
with the mixing patterns.
As stated in ref. [3], the LHC experiment can produce about 109 Bc events every year. In ref. [10],
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Table 2: The CP-averaged branching fractions and the CP asymmetries of Bc → DS
(a0(1450),K
∗
0 (1430), f0(1370), and f0(1500)) calculated in the PQCD approach in S1 and S2, re-
spectively.
Decay Modes Class BFs(10−6) ACP (%) Scenario
Bc → D+a00(1450) A 5.30+1.90+0.56+0.00−1.72−1.20−0.03 −27.7+11.4+2.5+3.7−10.6−3.6−3.5 S1
14.7+4.7+4.7+0.8−4.2−5.2−0.5 13.6
+1.9+1.4+0.3
−4.1−2.4−2.0 S2
Bc → D0a+0 (1450) A 9.89+3.27+1.19+0.27−3.26−2.84−0.32 −7.89+3.78+0.00+1.10−4.62−1.52−0.92 S1
27.1+8.9+9.9+1.5−8.2−9.6−1.4 1.91
+0.86+2.00+0.29
−1.12−2.86−0.42 S2
Bc → D+f0(1370) A 1.22+0.85+0.14+0.19−0.37−0.38−0.17 54.3+30.1+27.3+0.4−33.1−1.3−1.8 S1
7.01+2.36+1.97+0.49−2.06−2.67−0.46 −20.4+3.8+1.6+1.1−3.9−4.7−0.6 S2
Bc → D+f0(1500) A 0.94+0.40+0.14+0.11−0.30−0.10−0.09 43.7+28.1+19.0+0.4−25.0−15.6−1.2 S1
3.60+1.28+1.48+0.13−1.11−1.24−0.11 −22.8+5.3+2.0+1.3−5.4−3.0−0.9 S2
Bc → D+K∗00 (1430) A 191+46+26+5−43−49−6 0.0 S1
481+175+170+14−166−216−13 0.0 S2
Bc → D0K∗+0 (1430) A 193+50+29+6−40−40−6 1.10+0.17+0.45+0.09−0.15−0.18−0.11 S1
458+175+166+13−−166−176−13 0.24
+0.12+0.06+0.02
−0.11−0.09−0.02 S2
Bc → Dsa00(1450) C 0.05+0.02+0.02+0.00−0.01−0.01−0.00 −1.94+0.28+1.11+0.15−0.45−1.07−0.10 S1
0.02+0.01+0.01+0.00−0.01−0.01−0.00 0.50
+0.80+0.86+0.03
−0.36−4.47−0.58 S2
Bc → Dsf0(1370) A 22.8+16.7+2.3+1.1−9.3−7.7−1.2 −3.68+2.53+0.16+0.30−3.19−2.40−0.23 S1
144+46+42+5−43−55−5 1.12
+0.21+0.15+0.08
−0.21−0.10−0.10 S2
Bc → Dsf0(1500) A 113+67+16+4−46−36−3 0.90+0.83+0.51+0.07−0.59−0.05−0.08 S1
209+66+31+8−62−24−9 −0.66+0.10+0.06+0.06−0.09−0.06−0.05 S2
Bc → DsK¯∗00 (1430) A 9.17+2.40+1.81+0.55−2.25−0.81−0.53 7.18+0.91+4.79+0.04−096−1.91−0.05 S1
27.9+10.8+13.0+1.7−9.2−9.2−1.6 −3.14+1.06+1.36+0.02−1.68−1.37−0.02 S2
it has been estimated that the charmless Bc decays with a branching fraction at the level 10
−6 yield
a few events per year at LHCb. Because the selection criteria and the trigger efficiencies are very
different for each decay mode, in order to roughly estimate the expected sensitivity for the considered
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Table 3: The CP-averaged branching fractions and CP asymmetries of Bc → D∗S(a0, κ, σ, f0) decays
calculated in the PQCD approach in S1.
Decay Modes Class BFs(10−6) ACP (%)
Bc → D∗+a00(980) A 3.38+0.60+0.66+0.19−0.59−1.34−0.20 −69.8+6.5+4.5+4.9−6.0−7.9−3.5
Bc → D∗0a+0 (980) A 5.42+0.90+1.51+0.29−0.89−2.11−0.29 −28.4+3.7+1.0+2.3−3.6−4.3−1.7
Bc → D∗+σ(fn) A 1.65+0.29+0.39+0.06−0.25−0.59−0.06 71.6+3.8+5.6+5.5−4.1−5.2−6.5
Bc → D∗+σ(fs) P 0.04+0.01+0.01+0.00−0.01−0.01−0.00 0.0
Bc → D∗+f0(980)(fn) A 2.94+0.40+0.57+0.13−0.38−0.98−0.14 58.7+3.8+6.0+3.9−4.1−3.2−4.8
Bc → D∗+f0(980)(fs) P 0.04+0.01+0.01+0.00−0.01−0.01−0.00 0.0
Bc → D∗+κ0(800) A 54.8+9.3+28.8+1.8−9.1−23.3−1.6 0.0
Bc → D∗0κ+(800) A 55.2+10.6+21.6+1.8−9.4−7.4−1.8 0.10+0.25+0.16+0.01−0.25−0.17−0.01
Bc → D∗sa00(980) C 0.06+0.02+0.01+0.00−0.01−0.01−0.00 −2.84+0.29+4.48+0.20−0.12−1.05−0.15
Bc → D∗sσ(fn) P 2.50+0.72+1.68+0.08−0.64−0.81−0.07 1.65+0.13+0.33+0.16−0.14−0.57−0.18
Bc → D∗sσ(fs) A 52.5+7.8+8.8+1.8−7.8−24.0−1.8 0.0
Bc → D∗sf0(980)(fn) P 2.50+0.72+1.68+0.08−0.64−0.81−0.07 1.65+0.13+0.33+0.16−0.13−0.57−0.18
Bc → D∗sf0(980)(fs) A 108+15+21+4−14−50−4 0.0
Bc → D∗s κ¯0(800) A 3.07+0.47+1.69+0.17−0.47−0.97−0.18 8.47+0.51+2.63+0.05−0.37−2.74−0.06
Bc → DS decays, the quantitative analysis based on the numerical results is necessary. Based on
our predictions, we believe that some Bc → DS decays with large decay rates will be detected in the
experiments, such as the LHCb and CMS. Taking the decay Bc → D+K∗00 (1430) as an example, the
branching fraction is predicted to be about 1.9×10−4 in S1. In the experimental side, we in particular
use the charged final states to reconstruct the D+ and K∗00 (1430), the branching fractions of which are
BF (D+ → K−π+π−) ≃ 10% and BF (K∗00 → K+π−) ≃ 45% [18]. According to ref. [41], if the total
efficiency is assumed to be 1%, about 200 events per year can be expected in LHCb experiment. Since
the branching fraction of Bc → D+K∗00 (1430) in S2 is a bit larger than S1, we can expect more events
to be detected. As for Bc → D∗+K∗00 (1430) involving a vector charmed meson, the situation is similar,
as the vector D∗ meson decays to D meson with the rate close 100%. Based on our predictions, the
decays with the branching fractions ranging in [10−5, 10−4] are expected to be measured in the near
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Table 4: The CP-averaged branching fractions and CP asymmetries of Bc →
D∗S(a0(1450),K∗0 (1430), f0(1370), and f0(1500)) calculated in the PQCD approach in S1 and
S2, respectively.
Decay Modes Class BFs(10−6) ACP (%) Scenario
Bc → D∗+a00(1450) A 2.18+0.68+0.93+0.57−0.59−0.90−0.48 −45.5+18.4+15.1+4.9−19.9−7.2−5.8 S1
5.51+1.42+2.81+0.62−1.26−2.38−0.56 −43.7+9.8+4.2+0.6−10.4−6.1−0.6 S2
Bc → D∗0a+0 (1450) A 3.31+0.89+1.62+0.53−0.96−1.27−0.46 −35.3+14.3+22.1+1.9−11.7−2.2−1.6 S1
10.7+2.8+5.1+0.8−2.3−4.1−0.8 −16.5+3.8+1.2+0.7−4.6−3.5−0.4 S2
Bc → D∗+f0(1370) A 2.55+0.90+0.54+0.07−0.70−0.51−0.11 0.12+5.96+8.31+1.01−5.58−2.32−0.20 S1
4.26+1.00+1.76+0.08−0.82−1.60−0.11 24.2
+6.6+1.6+2.2
−6.6−1.5−2.6 S2
Bc → D∗+f0(1500) A 1.02+0.27+0.42+0.02−0.26−0.30−0.04 −4.03+14.78+14.00+0.12−12.48−6.81−0.13 S1
2.35+0.53+0.89+0.06−0.47−1.08−0.07 31.3
+8.0+2.5+2.3
−7.8−1.2−2.8 S2
Bc → D∗+K∗00 (1430) A 63.3+14.6+23.7+2.0−13.8−22.6−2.0 0.0 S1
188+51+93+4−50−91−5 0.0&S2
Bc → D∗0K∗+0 (1430) A 61.7+14.7+20.3+1.6−12.6−13.3−1.6 −0.25+0.41+0.33+0.02−0.41−0.20−0.01 S1
192+51+90+5−46−83−4 −0.07+0.21+0.13+0.01−0.21−0.11−0.01 S2
Bc → D∗sa00(1450) C 0.14+0.04+0.05+0..01−0.05−0.04−0.01 −1.44+0.32+1.92+0.11−0.47−1.23−0.08 S1
0.05+0.02+0.01+0.00−0.02−0.01−0.00 −0.15+0.56+0.55+0.01−0.87−1.06−0.01 S2
Bc → D∗sf0(1370) A 34.2+10.6+12.2+0.1−9.2−10.8−0.1 −0.89+0.55+0.20+0.16−0.45−0.38−0.17 S1
72.4+17.1+35.1+1.3−14.9−30.7−1.3 −2.09+0.49+0.18+0.22−0.52−0.32−0.18 S2
Bc → D∗sf0(1500) A 28.5+8.8+8.6+0.7−6.8−7.9−0.8 0.95+0.70+0.29+0.16−0.80−0.11−0.15 S1
186+55+94+5−42−82−5 1.01
+0.29+0.18+0.03
−0.25−0.10−0.04 S2
Bc → D∗sK¯∗00 (1430) A 4.87+1.15+1.90+0.30−0.97−1.34−0.28 −4.89+0.80+0.68+0.03−1.03−1.05−0.02 S1
11.3+2.9+6.3+0.6−2.7−5.2−0.7 4.22
+1.09+0.16+0.02
−2.10−1.91−0.02 S2
future.
On the basis of the numerical results we obtained, we give some discussions as follow:
• For the decays with a scalar emitted, the contribution A(∗)LLef will vanish or be suppressed,
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Table 5: The calculated branching fractions of Bc → D(∗)f0(980) and σ with the mixing in the PQCD
approach (unit:10−6).
Decay Modes
[25◦, 40◦] [140◦, 165◦]
BF(10−6) ACP (%) BF(10−6) ACP (%)
Bc → D+σ 2.82 ∼ 2.04 −29.6 ∼ −26.3 1.95 ∼ 3.14 −41.1 ∼ −36.1
Bc → D+f0(980) 0.94 ∼ 2.04 −23.1 ∼ −26.7 1.77 ∼ 0.25 −37.3 ∼ −49.9
Bc → Dsσ 19.9 ∼ 50.3 −3.84 ∼ −1.96 63.9 ∼ 13.4 1.57 ∼ 3.82
Bc → Dsf0(980) 160 ∼ 117 0.60 ∼ 1.06 104 ∼ 172 −1.19 ∼ −0.37
Bc → D∗+σ 1.29 ∼ 0.90 76.6 ∼ 80.2 1.05 ∼ 1.57 62.0 ∼ 68.6
Bc → D∗+f0(980) 0.57 ∼ 1.25 38.2 ∼ 47.6 1.21 ∼ 0.22 67.7 ∼ 76.4
Bc → D∗sσ 10.5 ∼ 22.0 8.98 ∼ 5.44 24.3 ∼ 6.44 −4.72 ∼ −8.65
Bc → D∗sf0(980) 89.8 ∼ 65.1 −1.47 ∼ −2.59 64.0 ∼ 101 2.68 ∼ 0.86
because the neutral scalar meson can not be produced through local (V ±A) current, or the vector
decay constants of the charged scalar mesons are highly suppressed by the tiny mass difference
between the two running current quark masses. Since the factorizable emission diagrams are
forbidden, the Bc → D(∗)s a00(980/1450) decays are only induced by the nonfactorizable emission
diagrams (C), therefore these modes have tiny branching fractions. Generally, in contrast to
the emission contributions, the annihilation type contributions are power suppressed in the
charmless Bu,d,s decays. However, in Bc decays, the annihilation type contributions play the
major contribution because of large enhancement by the Wilson coefficient a1 and the CKM
matrix elements Vcs(d). In fact, this situation is similar to the Bc → D(∗)T decays in ref. [16]
with T denoting a tensor meson. As a result, most of the considered decays are dominated
by the W annihilation (A) type contributions, as classified in the tables. Specially, the Bc →
D
(∗)+
(s) σ/f0(980) and Bc → D
(∗)+
(s) f0(1370/1500) decays are also dominated by the annihilations,
though the final scalars are mixing between nn¯ and ss¯.
• Inevitably, there are large theoretical uncertainties in the numerical calculations, especially the
scalar meson property are not well understood and the Bc meson wave function are not accurate
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yet. In order to reduce the dependence of the input parameters, we thus define two ratios as
BF (Bc → D(∗)0a+0 )
BF (Bc → D(∗)+a00)
∼ 2, (54)
BF (Bc → D(∗)+K∗00 )
BF (Bc → D(∗)0K∗+0 )
∼ 1. (55)
In ref. [15], it has been found that Br(Bc → D(∗)0π+/ρ+) ≫ Br(Bc → D(∗)+π0/ρ0), where
the Bc → D(∗)0π+/ρ+ are dominated by the factorizable emission diagrams, while the color-
suppressed modes Bc → D(∗)+π0/ρ0 are dominated by the annihilation diagrams. The relation
Br(Bc → D(∗)0π+/ρ+) ≫ Br(Bc → D(∗)+π0/ρ0) means that in Bc → DP (V ) the annihilation
type contributions are suppressed, compared with the contributions of the factorizable emission
diagrams. However, when the scalar is involved, because both Bc → D(∗)0a+0 and Bc → D(∗)+a00
are all dominated by the annihilation type contribution, the relation BF (Bc → D(∗)0a+0 ) ∼
2BF (Bc → D(∗)+a00) is understandable. Similar, we can also explain the relation of BF (Bc →
D(∗)+K∗00 ) ≈ BF (Bc → D(∗)0K∗+0 ).
• In ref. [15], for the Bc → D0K+ and Bc → D+K0, besides the annihilations, they are also
affected by the penguin operators. Compared with the contribution of annihilations, the penguin
emission diagrams are sizable contribution but with a relative minus sign. So, their branching
fractions are much smaller than those of the corresponding Bc → D0κ+/K∗+0 (1430) and Bc →
D+κ0/K∗00 (1430) decays with the large annihilation contribution alone, because the emission
contributions are highly suppressed. We note the magnitudes of Bc → D(∗)0κ/K∗0 (1430) are at
O(10−4), which is measurable in the LHCb. The measurement of such decays will afford a few
hints for studying the annihilation mechanisms in B physics.
• As expected, the branching fractions of the four “C” type decays are much smaller than these
“A” type decays, and the contribution from penguin operators is negligible. Although the four
decays are also with the large Wilson coefficient (C2 ∼ 1.0), they are suppressed by the tiny
CKM factor. For example, the CKM factor of B+c → Dsa0 is V ∗ubVus, and the one of B+c → D+a0
is V ∗ubVud.
• From the Tables. 2 and. 4, we find that for these “A” type decays the branching fractions in S2
are about 2-3 times larger than those in S1, except the Bc → D(∗)+(s) f0(1370)/f0(1500). However,
for these “C” type Bc → D(∗)s a00(1450) decays, the branching fractions in S2 are much smaller
than those in S1, which illustrates that the contribution of the annihilation type diagrams in
S2 is much large than in S1. Somewhat differently, the contribution of hard-scattering emission
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diagrams in S2 is much smaller than that in S1. This phenomena is due to the different signs of
the decay constants under different scenarios.
• We now discuss the decay modes involving the f0(1370, 1500) that are mixing states of nn¯
and ss¯. In S1, the inference between the nn¯ component and the ss¯ component is destructive
for Bc → D+f0(1370) while constructive for Bc → D+f0(1500). Therefore, the branching
fraction of the Bc → D+f0(1500) is about same as the Bc → D+f0(1370), although the Bc →
D+f0(1500) is suppressed by the mixing coefficient with respect to the Bc → D+f0(1370).
For the Bc → D∗+f0(1370)/f0(1500) decays, the reverse applies. The inference is constructive
(destructive) for Bc → D+f0(1500) (Bc → D+f0(1370)), because the wave functions of D and
D∗ have different signs, as shown in Eqs.(5) and (6). As a result, the branching fraction of Bc →
D∗+f0(1500) is much smaller than that of Bc → D∗+f0(1370). Similarly, the interference can also
explain the relations BF (Bc → Dsf0(1370)(S1)) ≪ BF (Bc → Dsf0(1500)(S1)) and BF (Bc →
D∗sf0(1370)(S1)) ∼ BF (Bc → D∗sf0(1500)(S1)). In S2, because the contributions from ss¯ (“C”
type) is negligible, the interference between nn¯ and ss¯ in Bc → D(∗)+f0(1370)/f0(1500) decays
is weak, so that we could obtain
BF (Bc → D+f0(1370))
BF (Bc → D+f0(1500)) ∼
BF (Bc → D∗+f0(1370))
BF (Bc → D∗+f0(1500)) ∼ 2. (56)
Similarly, we have
BF (Bc → Dsf0(1500))
BF (Bc → Dsf0(1370)) ∼
BF (Bc → D∗sf0(1500))
BF (Bc → D∗sf0(1370))
∼ 3
2
. (57)
• From the tables, it is apparent that the direct CP asymmetries are very small, since the contribu-
tions from penguin operators are much smaller than to those from the tree operators, except the
Bc → D(∗)+a00(980/1450) and Bc → D(∗)+σ/f0(980) decays. For the Bc → D(∗)+a00(980/1450),
the contribution from tree operators is suppressed by the cancellation between the nonfactor-
izable emission diagrams and the annihilation type diagrams, so that the interference between
the contributions from the tree operators and those from the penguin operators are sizable and
the direct CP asymmetries become large. For the Bc → D(∗)+σ/f0(980) decays, the contribu-
tions from the fs component are small, because the factorizable emission diagrams are forbidden
and the nonfactorizable contributions are suppressed by the CKM matrix elements. That is
reason why these decays are dominated by the fn component. For the fn component, the con-
tribution from penguin operators is comparable to the one from tree operators, because the
latter contribution becomes small due to the cancellation between emission and annihilation
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diagrams. So the Bc → D(∗)+σ/f0(980) decays have large direct CP asymmetries in 2-quark
picture. Unfortunately, these CP asymmetries cannot be measured in the current LHCb exper-
iment, because their branching fractions are too small. We also note that, the CP asymmetries
of the Bc → D∗+f0(1370)/f0(1500) decays are dependent on the scenarios heavily, which might
be useful for identifying different scenario when the experiments are available in the near future.
5 Conclusion
In this work, within the PQCD approach, we studied the branching fractions and CP asymmetries
of 40 Bc → DS decays where the scalar mesons are involved. For the Bc meson, since it is the only
heavy meson consisting of two heavy quarks with different flavor, its wave function are not well defined,
we here adopted the δ-function. For the scalars, because quark components of them have not been
confirmed, two different scenarios have been discussed. It is worth noting that the nonperturbative
parameters and the corrections from higher order and higher power are beyond the scope of this work
and not included in this work, which can be left for the future work. After the calculation, we find
several branching fractions are in the range of [10−5, 10−4], some of which could be measured in the
LHCb experiment, and other decays with smaller fractions might be measured in the high-energy
colliders. Furthermore, we also note that some decays have large CP asymmetries, but they are
unmeasurable currently due to small branching fractions.
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A Related Hard Functions
In this appendix, we summarize the functions that appear in the analytic formulas in the Section 3.
Firstly, we present the auxiliary functions as
F 20 = m
2
Bc(x1 − r2D)(1 − x3), (58)
F 2a = m
2
Bc(r
2
b − x3(1− r2D)), (59)
F 2b = m
2
Bc(x1 − r2D); (60)
F 2c = m
2
Bc(x3 − 1)((1 − r2D)(1 − x2)− (x1 − r2D)), (61)
F 2d = m
2
Bc(x3 − 1)((1 − r2D)x2 − (x1 − r2D)), (62)
E20 = m
2
Bc(x2x3(1− r2D)), (63)
F 2e = m
2
Bc(x3(1− r2D)), (64)
F 2f = m
2
Bc(((1 − r2D)x2 + r2D)− r2c ), (65)
F 2g = m
2
Bc(r
2
b − (1− x3)(1− x1 − x2(1− r2D))), (66)
F 2h = m
2
Bc(r
2
c + x3(x1 − x2(1− r2D))). (67)
The hard scales ti can be determined by
ta = max
{√
|F 20 |,
√
|F 2a |, 1/b1, 1/b3
}
, (68)
tb = max
{√
|F 20 |,
√
|F 2b |, 1/b1, 1/b3
}
, (69)
tc = max
{√
|F 20 |,
√
|F 2c |, 1/b1, 1/b2
}
, (70)
td = max
{√
|F 20 |,
√
|F 2d |, 1/b1, 1/b2
}
, (71)
te = max
{√
|E20 |,
√
|F 2e |, 1/b2, 1/b3
}
, (72)
tf = max
{√
|E20 |,
√
|F 2f |, 1/b2, 1/b3
}
, (73)
tg = max
{√
|E20 |,
√
|F 2g |, 1/b1, 1/b2
}
, (74)
th = max
{√
|E20 |,
√
|F 2h |, 1/b1, 1/b2
}
. (75)
The hard functions are written as
ha = K0(
√
|F 20 |b1)

θ(b1 − b3)I0(
√
|F 2a |b3)K0(
√
|F 2a |b1) + θ(b3 − b1)I0(mBc
√
|F 2a |b1)K0(
√
|F 2a |b3) F 2a > 0[
θ(b1 − b3)J0(
√
|F 2a |b3)H(1)0 (
√
|F 2a |b1) + θ(b3 − b1)J0(
√
|F 2a |b1)H(1)0 (
√
|F 2a |b3)
]
F 2a < 0
, (76)
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hb = K0(
√
|F 20 |b3)

θ(b1 − b3)I0(
√
|F 2b |b3)K0
√
|F 2b |b1) + θ(b3 − b1)I0(
√
|F 2b |b1)K0(
√
|F 2b |b3) F 2b > 0[
θ(b1 − b3)J0(
√
|F 2b |b3)H
(1)
0 (
√
|F 2b |b1) + θ(b3 − b1)J0(
√
|F 2b |b1)H
(1)
0 (
√
|F 2b |b3)
]
F 2b < 0
, (77)
hc =
[
θ(b2 − b1)K0(
√
|F 20 |b2)I0(
√
|F 20 |b1) + θ(b1 − b2)K0(
√
|F 20 |b1)I0(
√
|F 20 |b2)
]
·


iπ
2 H
(1)
0
(√
|F 2c |b2
)
, F 2c < 0;
K0
(√
|F 2c |b2
)
, F 2c > 0,
(78)
hd =
[
θ(b2 − b1)K0(
√
|F 20 |b2)I0(
√
|F 20 |b1) + θ(b1 − b2)K0(
√
|F 20 |b1)I0(
√
|F 20 |b2)
]
·


iπ
2 H
(1)
0
(√
|F 2d |b2
)
, F 2d < 0;
K0
(√
|F 2d |b2
)
, F 2d > 0,
(79)
he = (
iπ
2
)2H
(1)
0
(√
|E20 |b2
)
[
θ(b2 − b3)H(1)0
(√
|F 2e |b2
)
J0
(√
|F 2e |b3
)
+ θ(b3 − b2)H(1)0
(√
|F 2e |b3
)
J0
(√
|F 2e |b2
)]
· St(x3), (80)
hf = (
iπ
2
)2H
(1)
0
(√
|E20 |b2
)
[
θ(b2 − b3)H(1)0
(√
|F 2f |b2
)
J0
(√
|F 2f |b3
)
+ θ(b3 − b2)H(1)0
(√
|F 2f |b3
)
J0
(√
|F 2f |b2
)]
· St(x3), (81)
hg =
iπ
2
[
θ(b1 − b2)H(1)0
(√
|E20 |b1
)
J0
(√
|E20 |b2
)
+ θ(b2 − b1)H(1)0
(√
|E20 |b2
)
J0
(√
|E20 |b1
)]
×


iπ
2 H
(1)
0
(√
|F 2g |b1
)
, F 2g < 0,
K0
(√
|F 2g |b1
)
, F 2g > 0,
(82)
hh =
iπ
2
[
θ(b1 − b2)H(1)0
(√
|E20 |b1
)
J0
(√
|E20 |b2
)
+ θ(b2 − b1)H(1)0
(√
|E20 |b2
)
J0
(√
|E20 |b1
)]
×


iπ
2 H
(1)
0
(√
|F 2h |b1
)
, F 2h < 0,
K0
(√
|F 2h |b1
)
, F 2h > 0.
(83)
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The St(x) is the jet function from the threshold resummation, which can be written as [25]
St(x) =
21+2cΓ(3/2 + c)√
πΓ(1 + c)
[x(1− x)]c, (84)
with c = 0.3. The evolution functions Ei and Eenf (tb) in the analytic formulas are given by
Eef (t) = αs(t) exp[−SBc(t)− SD(t)]; (85)
Eenf (t) = αs(t) exp[−SBc(t)− SD(t)− SS(t)]|b1=b3 ; (86)
Eaf (t) = αs(t) exp[−SD(t)− SS(t)]|; (87)
Eanf (t) = αs(t) exp[−SBc(t)− SD(t)− SS(t)]|b2=b3 . (88)
The Sudakov exponents are defined as
SBc(t) = s
(
x1
mBc√
2
, b1
)
+
5
3
∫ t
1/b1
dµ¯
µ¯
γq(αs(µ¯)), (89)
SD(t) = s
(
x3
mBc√
2
, b3
)
+ 2
∫ t
1/b3
dµ¯
µ¯
γq(αs(µ¯)), (90)
SS(t) = s
(
x2(1− r2D)
mBc√
2
, b2
)
+ s
(
(1− x2)(1 − r2D)
mBc√
2
, b3
)
+ 2
∫ t
1/b2
dµ¯
µ¯
γq(αs(µ¯)), (91)
where the s(Q, b) can be found in ref. [17].
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